Forebrain vasopressin/vasotocin systems regulate a diverse set of complex social behaviors in a species-specific manner. Among mammals, vasopressin gene sequences and peptide distributions in the brain are highly conserved across species. In contrast, vasopressin V1a receptors (V1aR) are conserved at the protein level, but not at the level of gene structure or neuroanatomical distribution of the receptor. Here, we examine the functional role of a microsatellite segment in the 59 region of V1aR that differs significantly between monogamous and nonmonogamous vole species with divergent V1aR expression patterns. Using luciferase reporter assays, we demonstrate that this microsatellite plays a significant role in transcriptional regulation in a cell-type-specific manner. These results suggest that significant evolutionary changes in social behavior can occur through variation in regulatory regions of genes already involved in social behavior.
Introduction
There is considerable variability in social structure across taxa: some animals display highly social communal behaviors, while even closely related species are asocial and live in isolation. For example, the zebrafinch is a highly communal bird, but the congeneric violet-eared waxbill is highly asocial (Goodson 1998b) . In closely related microtine rodents (voles), the biological mechanisms for sociobehavioral diversity are beginning to be revealed. Males of the highly social prairie vole (Microtus ochrogaster) species contribute to parental care and form an enduring pair bond with a mate (Shapiro and Dewsbury 1990) . In contrast, the males of the relatively asocial, promiscuous montane vole (M. montanus) species do not form a pair bond and do not contribute to parental care (Shapiro and Dewsbury 1990) . Anatomical and physiological comparisons of these two species of voles have provided insight into the molecular basis of their opposing social structures.
The nonapeptide arginine vasopressin (AVP) has been implicated in participating in the control of several social behaviors in many species. Pharmacological experiments in rodents have demonstrated a role for vasopressin systems in learning and memory, aggression, and affiliative behaviors (Goodson and Bass 2001) . Interestingly, the effects of exogenous AVP administration into the brain are species specific. For example, arginine vasotocin (AVT, the nonmammalian homologue of AVP) administered into the septum of zebrafinches results in increased aggression (Goodson and Adkins-Regan 1999) , whereas the same treatment in field sparrows or violeteared waxbills inhibits aggression (Goodson 1998a, b) . Similarly, voles also show species-specific behavioral responses to AVP. AVP injected into the ventricles of male prairie voles increases affiliative behavior such as olfactory investigation and grooming of a stimulus female, whereas the same treatment in a montane vole does not (Young et al., 1999) . Although the distributions of AVP immunoreactive fibers are roughly the same between prairie and montane voles (Wang et al., 1996) , the vasopressin 1a receptor (V1aR) patterns of these two species are drastically different (Insel, Wang, and Ferris, 1994; Young et al., 1997) . V1aR distribution patterns have been shown to affect social behavior (Young et al., 1999) . For example, a transgenic mouse for the prairie vole V1aR gene, including 2.2 kb of 59 noncoding DNA, exhibited a V1aR distribution pattern that was more like that of the prairie vole than that of the nontransgenic mouse. Interestingly, with AVP injections, this transgenic mouse displayed more affiliative behaviors, such as olfactory investigation and grooming, than a wildtype mouse (Young et al. 1999) . Pharmacological manipulations in the prairie vole have demonstrated that activation of V1aR in the ventral pallidum is necessary for pair-bond formation (Lim and Young 2004) . Furthermore, a V1aR expressing viral vector injected into the ventral pallidum, but not the caudate, of the prairie vole resulted in significant increases in measures of social behavior and attachment (Pitkow et al. 2001) .
It is clear that V1aR is involved in social behavior and that the receptor distribution pattern has important behavioral consequences. The results of the transgenic mouse experiment described in the previous paragraph strongly indicate a role for the 59 regulatory region of the prairie vole V1aR in directing neuroanatomical distribution of V1aR; however, the mechanism of the tissue-specific regulation of the V1aR gene in voles is unknown. In sequence alignments of prairie and montane vole DNA for the V1aR gene, the sequences align to 99% homology with the exception of approximately 500 bp of sequence (extending 59 of position 662 relative to the prairie V1aR transcription start site) that is present in the prairie vole, but not in the montane vole V1aR gene (Young et al. 1999 ). This prairie vole-specific repetitive region, also known as microsatellite DNA, consists of, on average, 450 bp of repeating elements and is polymorphic among prairie voles (Hammock and Young 2002) . Because this sequence difference is so striking, we have focused on its possible role in the divergent regulation of this gene in these two species of vole.
We hypothesize here that the polymorphic microsatellite in the 59 regulatory region of V1aR of divergent vole species regulates expression of V1aR. We have characterized the 59 regulatory region of the prairie vole V1aR gene with a series of nested deletion constructs and ascertained a regulatory role of the species-specific microsatellite in cell culture. We address potential mechanisms of divergent tissue specific V1aR expression patterns in the brain and their roles in generating species-typical social behaviors. This report illustrates a comparative model for investigating mechanisms of evolution of gene regulation and behavior. Although there is evidence of coding region gene differences in social organization in eusocial fire ants (Krieger and Ross 2002) , to our knowledge, this is the first demonstration of a functional divergence in the regulatory region of a gene associated with species differences in social structure.
Materials and Methods

Plasmid Construction
A Sac I digest was used to isolate a 3.5kb fragment of V1aR 59 region from a genomic library phage clone generated for the initial cloning of the prairie vole V1aR gene (Young et al. 1999) . The 39 end of this 3.5kb fragment includes the transcription start site as well as 21 bp of downstream sequence. This fragment was subcloned into pGL3 basic vector (Promega, Madison, Wisc.; 3.5 kb V1aR-luc) and sequenced to confirm the identity of the clone. The nested deletion series was generated from the 59 end of the 3.5kb V1aR clone by the Henikoff method (Promega). The ''no-cassette'' vector for testing the microsatellite was constructed using a high-fidelity polymerase chain reaction (PCR) (ExpandHiFi, Roche, Indianapolis, Ind.) on the full 3.5kb V1aR clone. Briefly, the regions upstream and downstream of the microsatellite in the 3.5kb V1aR fragment were amplified and subcloned into a TA cloning vector (pCRII-TOPO, Invitrogen, Carlsbad, Calif.). The primers used at the end of each fragment nearest the microsatellite contained an engineered Nde I restriction site. The upstream and downstream regions were then ligated together at the engineered Nde I restriction site to create the no-cassette vector. This Nde I site allowed for the reinsertion of the microsatellite when the microsatellite was amplified using PCR primers with Nde I modifications. Bold, italicized letters on primers below indicate bases added to complete an Nde I site: CATATG. The primers for the upstream fragment were: 59-GAGCTCTTTGCTGCTGCTCTGTC-39, and 59-CATATGAGCAGGGGGAGCTGTTTTTGAAG-39. The primers for the downstream fragment were: 59-CATATGGCTTTCTCTACAGTAACGCCTG-39, and 59-GAG-CTCCCGATACACTCTTTGGC-39. The primers for both prairie and montane microsatellite cassette fragments were: 59-CATATGTCCTTGGTTGCGTCCCT-TCGCC-39, and 59-CATATGGTTCCCACAGCAGCAG-GGTGGC-39. The fragments were cloned together and inserted into the pGL3 basic vector. All clones were sequenced to verify orientation and amplification fidelity. Plasmids were purified for experiments with Qiagen mini-and maxipreps (Qiagen, Inc., Valencia, Calif).
Cell Culture
Cell lines were purchased from American Type Culture Collection (ATCC) (Manassas, Va.) and grown in a 378C incubator with 5% CO 2 . All cell culture reagents were purchased from Mediatech (Herndon, Va.), unless otherwise noted. All maintenance plastic-ware was purchased from Corning (Corning, N.Y.), unless otherwise noted. A7r5 and A10 cells were maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS). H4IIe cells were maintained in DMEM supplemented with 10% FBS and 10% bovine calf serum (BCS). PC-12 cells were maintained in collagen coated flasks (Becton-Dickinson, Bedford, Mass.), and grown in Ham's F-12K (ATCC), with 15% horse serum (ATCC), 2.5% FBS, 2 mM L-glutamine and 1.5 g/L sodium bicarbonate.
Transient Transfections and Luciferase Assays
Cells were seeded in 12-well plates (Greiner Bio-One for all cell lines except PC-12, which were plated in collagen-coated 12-well plates from Becton-Dickinson) at a density between 1-10 3 10 3 cells/well. Twenty-four hours later, each well was transiently transfected with 1 lg of a firefly luciferase test plasmid and 0.1 lg of a renilla luciferase plasmid (phRL-tk, Promega) with a 3:1 ratio of fuGene transfection reagent (Roche). At the time of transfection, 50% of the media was changed. The cells were fed the following day. Forty-eight hours after transfection, the cells were harvested and assayed according to the Dual-Luciferase Reporter Assay (Promega) in a TD-2020 luminometer (Turner BioSystems, Sunnyvale, Calif.). For each experiment, n ¼ 6 wells per group. Each sample is a ratio of firefly luciferase relative light units (RLU) to renilla luciferase RLU. For statistical analysis, these ratios are normalized to either the promoterless control construct (pGL3 basic, experiment 1) or to the RLU of 3.5kbV1aR-luc (all other experiments). Due to interexperimental variability, two to three independent experiments for each cell type were analyzed using a two-way analysis of variance (ANOVA), to assess the main effects of construct and experiment. Post-hoc Bonferroni adjusted ttests were used if a main effect of construct was observed.
V1aR Binding Assay PC-12, H4IIe, A7r5, and A10 cells were grown to near confluence in T-75 flasks (10 5 -10 7 cells/flask). The cells were scraped and pelleted at 2000r.p.m. for 5 min at 48C. The cell pellets were resuspended in 2 mL buffer A (50 mM Tris-HCl (pH 7.4), 5 mM MgCl 2 ) and homogenized for 2 3 10 s on setting 6 in a Kinematica tissue homogenizer (Littau, Switzerland). The homogenate was centrifuged at 1,000 rpm for 10 min at 48C. The membrane fraction (supernatant) was transferred to a new tube and centrifuged at 44,0003g for 10 min at 48C and resuspended in 2 mL buffer A. This suspension was homogenized again as before. This homogenate was centrifuged again at 44,0003g for 10 min at 48C and resuspended in 1 mL buffer B (buffer A, 1 mg/mL BSA, 0.5 mg/mL bacitracin). This suspension was homogenized a third time as before. Protein was quantified with the BioRad DC protein assay (BioRad, Hercules, Calif. A GF/C filter (Brandel, Gaithersburg, Md.) was pretreated by soaking in 0.5% polyethylemimine for 2 h. The samples were applied onto the pretreated GF/C filter with a Brandel tissue harvester, and the GF/C filter discs were transferred to polystyrene tubes and counted in a gamma counter (PerkinElmer). A two-way ANOVA to assess the main effects of cell type and experiment was used to analyze the results of three independent assays.
Results
In order to establish an in vitro model to investigate the gene regulation capacity of the prairie vole V1aR gene, we assessed the expression of endogenous V1aR in several rat clonal cell lines. Our intention was to model, in a very general sense, the diversity of cellular phenotypes in the brain by testing our constructs across four diverse cell lines. We chose four commercially available rat cell lines with potentially diverse V1aR phenotypes: A7r5, A10, PC-12, and H-4-II-e. A7r5 cells (fibroblast morphology) and A10 cells (myoblast morphology) were both derived from smooth muscle of the thoracic aorta, PC-12 cells are neuronal in morphology from an adrenal gland pheochromocytoma, and H-4-II-e cells were derived from a liver hepatoma and display an epithelial morphology. To assess the endogenous V1aR phenotype of each cell line, we performed three independent V1aR binding assays on the four cell lines. A two-way ANOVA for experiment and cell line indicated a main effect of cell line (P , 0.0001) on binding reactivity, demonstrating diverse V1aR phenotypes ( fig. 1 ). A7r5 and A10 cells exhibited high levels of V1aR binding reactivity, whereas H-4-II-e and PC-12 cells did not. To determine whether the prairie vole V1aR 59 region can drive gene expression in a cell-type specific manner, we cloned 3.5kb of this region into a luciferase reporter vector (3.5kbV1aR-luc). We then transfected the same four cell lines as before with the 3.5kbV1aR-luc construct and compared that to the reporter activity of a promoterless plasmid (pGL3 basic). Using a two-way ANOVA to assess main effects of cell-type and construct, we observed significant main effects of both cell-type (P , 0.0001) and plasmid construct (P , 0.0001) as well as an interaction effect (P , 0.0001). In high V1aR-expressing cell lines (A10, A7r5), the 3.5kbV1aR-luc construct was able to drive luciferase expression significantly more than a negative control luciferase vector ( fig. 1 , Bonferroni adjusted t-test, P , 0.001). Additionally, in one of the non-V1aR-expressing cell lines, H-4-II-e, the 3.5kbV1aR-luc construct was also able to drive luciferase activity more than the negative control plasmid (P , 0.05), although at much lower levels than V1aR-expressing cells. Conversely, in the other V1aR nonexpressing cell line, PC-12, the same construct did not drive luciferase expression at levels different from the negative control (P . 0.05). Based on these results, we proceeded to use these cell lines as a model to investigate the presence of potential cis elements within the 3.5 kb prairie vole V1aR 59 region.
Our only a priori hypothesis regarding the contribution of putative cis regulatory elements in the prairie vole V1aR 59 region was that the microsatellite, due to its absence in the closely related montane vole V1aR, would modify gene expression in a cell-type-dependent manner. To investigate this hypothesis, we transfected A7r5, A10, and H-4-II-e cells with a series of nested deletions of the 3.5kbV1aR-luc construct ( fig. 2) . Because we were interested in the relationships among constructs within a cell line, we normalized the luciferase values for each construct to the luciferase values of the 3.5kbV1aR-luc for each cell line with each independent experiment. After two to three independent experiments in each cell line, we analyzed the effects of construct and experiment in a twoway ANOVA using the normalized luciferase values. We observed a main effect of construct in A7r5 (three experiments, P , 0.0001) and A10 (three experiments, P , 0.0001) cells but not in H-4-II-e cells (two experiments, P . 0.05). After observing a main effect of construct for A7r5 and A10 cells, we compared the reporter activity of all of the constructs to the full-length, 3.5kbV1aR-luc construct. We observed a consistent celltype-dependent increase in luciferase activity in the nested deletion series as bases near or including the microsatellite were deleted in A7r5 cells, but not in A10 cells (Bonferroni corrected t-test for all comparisons to fulllength 3.5kbV1aR-luc). Specifically, in A7r5 cells, differences between 3.5kbV1aR-luc and 1.0kbV1aR-luc were significant in three out of three experiments (P , 0.01), and differences between 3.5kbV1aR-luc and 0.5kbV1aR-luc or 0.26kbV1aR-luc were significant in two out of three experiments (P , 0.001). In contrast, the only replicated significant difference between any construct and the 3.5kbV1aR-luc in A10 cells was the 0.26kbV1aR-luc in two out of three experiments (P , 0.001).
It is possible that the changes in gene expression at 1.3kbV1aR-luc versus 1.0kbV1aR-luc are due to changes in sequence near the microsatellite and are not due to the FIG. 1.-Endogenous V1aR binding levels in four rat clonal cell lines and luciferase reporter activity driven by 3.5 kb of prairie vole V1aR 59 region (3.5kbV1aR-luc). Luciferase data are normalized to a promoterless construct for comparison across cell lines. Three independent experiments are averaged here; mean 6 S.E.M. Binding assay, n ¼ 3/ assay, reporter assay, n ¼ 6/assay. Reporter activity of 3.5kb V1aR-luc compared to promoterless control; *P , 0.05, ***P , 0.001.
microsatellite. To directly test the effect of the microsatellite region on reporter activity, we created a construct that contained the surrounding ;3 kb of V1aR 59 region but did not contain the microsatellite. We transfected this ''no cassette-luc'' construct into A7r5, A10, PC-12, and H-4-II-e cells, and compared it to the activity of the fulllength 3.5kbV1aR-luc construct. As before, we normalized the reporter activity of the no cassette-luc construct to the values for the 3.5kbV1aR-luc construct. For each cell line, we performed two independent experiments and analyzed the normalized results with a two-way ANOVA for construct and experiment. The activity of the microsatellite was cell-type dependent ( fig. 3) . Specifically, in A7r5 and PC-12 cells, we observed a main effect of the construct (P , 0.0001) wherein the loss of the microsatellite results in a two-to threefold increase in reporter activity. In A10 and H-4-II-e cells, however, loss of the microsatellite resulted in no significant activity change (P . 0.05). The data from this specific test of the microsatellite are in precise agreement with the indirect test in the nested deletion experiments described earlier. Specifically, a targeted deletion of the microsatellite or deleting sequences in it resulted in an increase in luciferase activity in A7r5 cells, but not in A10 and H-4-II-e cells. PC-12 cells showed an increase in luciferase activity with the targeted deletion of the microsatellite, but these cells were not tested with the nested deletion series.
To see if species differences in microsatellite structure could affect luciferase activity in the microsatelliteresponsive A7r5 cells, we tested the large microsatellite fragment of the prairie vole against the small microsatellite fragment of the montane vole. Using the cassette construct we had originally developed to remove the microsatellite, we reinserted each species' microsatellite into the no cassette-luc vector. We tested both the prairie and montane microsatellites in A7r5 cells (fig. 4) . To compare the data between independent experiments we normalized the activity of each construct to the prairie-luc reporter activity. Using a two-way ANOVA for construct and experiment, we observed a main effect of construct (two experiments, P , 0.0001). The short montane vole microsatellite displayed increased luciferase activity relative to the long prairie vole microsatellite fragment.
Taken together, these results demonstrate that the species-specific microsatellite sequence located 59 of the transcription start site in the V1aR gene has the potential to modify gene expression in a cell-type-dependent manner.
Discussion
Here we have demonstrated that the prairie vole V1aR 59 region exerts different regulatory control across various rat cell lines. Because we are interested in the regulatory control of the V1aR gene, we chose four cell lines   FIG. 3. -Deleting the microsatellite, without altering the surrounding sequence, results in two-to threefold increases in reporter activity in a celltype-dependent manner regardless of endogenous V1aR phenotype (V1aR 1, dark bars; V1aR -, light bars). The constructs tested (a) respond differently based on cell type (b). Fold changes are calculated from the ratio of luciferase activity of the no cassette-luc construct (bottom schematic) over the 3.5kbV1aR-luc construct (top schematic). Two independent experiments are averaged here for each cell type; mean 6 S.E.M.; n ¼ 6/assay. Reporter activity of no cassette-luc compared with 3.5kbV1aR-luc; *P , 0.0001. FIG. 2. -Nested deletion series in three rat cell lines for prairie vole V1aR 59 region implicates the microsatellite as a highly functional region in a cell-type-dependent manner. Schematic diagrams of nested deletion series indicating position of the microsatellite (MS) and transcription start site (11) (a), transfected in 3 different cell lines (b). For graphical presentation, reporter activity is normalized to a promoterless luciferase construct for comparison across cell lines. Average of two to three independent experiments per cell line; mean 6 S.E.M, n ¼ 6/assay. Construct compared to 3.5kb V1aR-luc; *P , 0.01 in three out of three experiments, **P , 0.001 in two out of three experiments.
displaying phenotypic variability of V1aR expression. Because these cell lines are all rat cell lines, and therefore contain the same endogenous rat V1aR gene, it follows that each cell line's endogenous V1aR phenotype is a result of cell-type-specific regulation, such as cell-type-specific transcription factors. By using these four different cell lines, we have created a simple model of the cell-type diversity of the brain, to test the hypothesis that the species-specific microsatellite acts in a cell-type-specific manner. With this model, we observed that a repetitive sequence divergent in socially monogamous and nonmonogamous vole species modifies gene expression in a cell-type-specific manner. In addition, differences at this locus have the ability to confer a V1aR-expressing phenotype on a cell line that is natively V1aR nonexpressing (PC-12 cells, fig. 3 ). This phenomenon could explain some of the species differences observed in the distribution of brain V1aR between prairie and montane voles. Of note, two other species of voles have been sequenced at this genetic locus. Socially monogamous pine voles have a large repeat expansion like the monogamous prairie voles, and promiscuous meadow voles, like the montane voles, have the very small microsatellite region (Young et al., 1999) . Also, monogamous pine voles display a V1aR distribution like the prairie voles, while non-monogamous meadow voles display a receptor distribution like the montane voles. It is possible that the prairie vole microsatellite region confers a ''prairie-like'' distribution pattern of V1aR in the brain. For example, because this divergent locus can modify gene expression in a cell-typedependent manner, it could confer some important brain nuclei with V1aR expression, thereby modifying the functional capacity of AVP within the animal. For example, the short microsatellite may confer a V1aR identity on the lateral septum of nonmonogamous voles wherein it might facilitate behaviors contrary to monogamy. Although we did not observe a cell line in which the prairie vole microsatellite fragment increased reporter activity, there is most likely some untested cell line in which this would be observed. In this likely situation, brain regions in the monogamous vole, such as the ventral pallidum, may be conferred with a V1aR identity, possibly generating a brain substrate for pair bonding. In sum, the divergent microsatellite most likely functions to increase and decrease V1aR expression throughout the brain, and the direction of change is dependent on the specific cell type and species-specific sequence.
There are several non-mutually exclusive mechanisms of how a repetitive sequence, such as this microsatellite, could regulate gene expression. The long microsatellite could (1) form Z-DNA and the resulting structure could interfere with transcription (Rothenburg et al. 2001 ) (2) position a regulatory element too far from the transcription start site, (3) undergo some cell-type-specific epigenetic modification such as methylation (Filippova et al. 2001) or (4) contain some regulatory element binding site (Michelhaugh et al. 2001) . The exact mechanism of action of this microsatellite has yet to be determined. It appears that the deletion of just the 59 end of the prairie microsatellite in the nested deletion series mimics the targeted deletion of the entire microsatellite, suggesting that the 59 end of the prairie microsatellite is worthy of further investigation into the mechanism of action of this locus.
We have shown that a change in the promoter of the V1aR gene in vole species can affect gene expression, and thus presumably change social structure and related mating strategies by altering V1aR distributions in the brain. Interestingly, there is evidence to indicate that a species' breeding system affects intraspecific gene diversity and subsequent evolution (reviewed in Charlesworth and Wright 2001 and Ross 2001) . Therefore, if changes in V1aR distribution due to this microsatellite lead to changes in social structure and breeding strategy, then the phylogenetic trajectory of these two species could have been altered by this divergent event at this single gene locus.
Diversity in social structure is the norm across many closely related species. We theorize that this could be due to non-conservation of V1aR regulatory region sequences across species, as V1aR coding regions are highly conserved, as are the coding and noncoding regions for the cognate ligand (AVP) (fig. 5a ). Using the phylogenetic footprinting website available at www.phylofoot.org (Consite) and sequences obtained from GenBank, we searched the 400 base pairs of sequence 59 of the methionine start codon of AVP and V1aR genes from rat, mouse, and human for putative transcription factor binding sites conserved across species. There were very few conserved sites in this region of the V1aR gene across species (zero conserved sites from rodent to human), compared with many in the AVP gene (40-50 conserved sites from rodent to human) ( fig. 5b) , suggesting that there is very little conservation of cis regulatory elements of V1aR across species. Possibly, the phylogenetic trajectories of many closely related species may have been altered FIG. 4 .-Species differences in structure at the microsatellite region yield significant fold changes in expression in A7r5 cells. Schematics (a) represent the species constructs tested. N represents the Nde I sites generated on both constructs during cloning of the plasmids, MS represents the large prairie microsatellite and small montane microsatellite regions. The montane vole construct results in significant fold change over the prairie vole construct (b). Data are presented as the average of two independent experiments; mean 6 S.E.M, n ¼ 6/experiment. Reporter activity of montane-luc compared to prairie-luc; *P , 0.0001. across time by modification of the V1aR 59 region, all the while holding constant the gene and neuroanatomical distribution for the AVP ligand. Interestingly, there are multiple microsatellites upstream and in the intron of the human V1aR (AVPR1a) (Thibonnier et al., 2000) . These sequences are polymorphic among humans and a particular allele at one of these sites has been associated with autism, a disease of profound social deficit (Kim et al., 2002) . Possibly, variation in the 59 region of V1aR both within and across species might explain major differences in social behavior. A comparison of the 59 region of V1aR, both within and between species, coupled with expression maps (''gene expression tomography''; Brown et al. 2002) , could be very informative for models of regulation of gene expression. In addition, such a comparative analysis combined with indexes of social structure could inform models of behavioral evolution at the molecular level.
In the comparative genomics literature, most of the attention of gene regulatory studies is granted to conserved regions, specifically, those which have undergone negative Darwinian selection (Ureta-Vidal, Ettwiller, and Birney 2003) . However, addressing the nonconserved regions is critical for understanding speciation, yet it appears to be relatively under-studied at the present time. This is probably due to current limitations in bioinformatics technology and lack of information on molecular phenotypic variation across species, and not due to lack of interest. In this vein, we eagerly anticipate the results of future sequencing efforts of diverse organisms, especially when combined with molecular and behavioral phenotype. Such genome-phenome comparisons (Nevo 2001) , using a comprehensive comparative approach studying gene sequences and gene expression maps across species in the context of behavioral differences, will reveal many mechanisms of gene regulation and produce models of behavioral evolution at the molecular level (Robinson and Ben-Shahar 2002) . One such mechanism could employ hypermutable microsatellites, like the one described in this report. These elements may play a causal role in the evolution of species by altering gene expression patterns and generating a molecular canvas for positive selection.
